Background: The 50-year old Aedes albopictus C6/36 cell line is a resource for the detection, amplification, and analysis of mosquito-borne viruses including Zika, dengue, and chikungunya. The cell line is derived from an unknown number of larvae from an unspecified strain of Aedes albopictus mosquitoes. Toward improved utility of the cell line for research in virus transmission, we present an annotated assembly of the C6/36 genome. Results: The C6/36 genome assembly has the largest contig N50 (3.3 Mbp) of any mosquito assembly, presents the sequences of both haplotypes for most of the diploid genome, reveals independent null mutations in both alleles of the Dicer locus, and indicates a male-specific genome. Gene annotation was computed with publicly available mosquito transcript sequences. Gene expression data from cell line RNA sequence identified enrichment of growth-related pathways and conspicuous deficiency in aquaporins and inward rectifier K+ channels. As a test of utility, RNA sequence data from Zika-infected cells was mapped to the C6/36 genome and transcriptome assemblies. Host subtraction reduced the data set by 89%, enabling faster characterization of non-host reads. Conclusions: The C6/36 genome sequence and annotation should enable additional uses of the cell line to study arbovirus vector interactions and interventions aimed at restricting the spread of human disease. The cell line is derived from an unknown number of larvae from an unspecified strain of Aedes albopictus mosquitoes. Toward improved utility of the cell line for research in virus transmission, we present an annotated assembly of the C6/36 genome.
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BACKGROUND
Insect cell lines such as Aag2 and C6/36 are critical platforms for insect biology and virology. The Aedes albopictus clone C6/36 (ATCC CRL-1660) cell line is commonly used for detection, propagation, and analysis of arboviruses, including antibody-based detection of viruses in saliva [reviewed in [1] ]. C6/36 cells have a short population doubling time and are permissive to infection by mosquito-transmitted viruses across members of the Togaviridae, Flaviviridae, and Bunyaviridae families. In particular, C6/36 cells are used to study viruses that pose significant threats to human health, including Zika, dengue, chikungunya. Virus propagation in C6/36 cells guides the rational development of vaccines and therapeutics.
PubMed [2] lists 671 publications with C6/36 in the title or abstract.
The progenitor of the C6/36 cell line was established in 1967 from freshly hatched
Aedes albopictus larvae of unspecified ancestry [3] . The C6/36 subclone was selected for its uniformly high virus yield and was shown to retain a diploid karyotype with 2n=6 chromosomes in a majority of cells [4] . The similar or equivalent ATC-15 cells [1] were shown to be diploid [5] and to have more chromosomal abnormalities after 110 passages than after 17 [6] . The C6/36 cell line, available through the American Type Culture Collection (ATCC, Manassas VA) is described as maintaining a diploid chromosome number and being nonanchorage dependent and non-tumorigenic [7] . Despite the widespread use of this cell line to both propagate arboviruses and to use them as a tool to study virus-mosquito interactions, little has been published about features that differentiate the cell line genome from that of Aedes albopictus mosquitoes.
Two strains of A. albopictus have published genomes, both of which were sequenced on Illumina platforms and assembled with the SOAPdenovo assembler [8] . Sequencing of the Italian Fellini aka Rimini strain yielded small contigs with N50 < 1 Kbp [9] . The assembly of a Foshan female from China [10] as provided in VectorBase [11] version AaloF1, has a 1.92
Gbp scaffold span, 1.78 Gbp contig span, and 18.4 Kbp contig N50. A third strain was analyzed for its genomic repeats using a pipeline called dnaPipeTE that runs on Illumina reads [12] . The A. aegypti Liverpool genome was assembled to draft status from Sanger reads [13] and later de-duplicated (removing putative redundant contigs) and extended to chromosomelength scaffolds with Hi-C technology [14] . The 2014 update in VectorBase has an 82 Kbp contig N50. Using these assemblies, the within-genus divergence between A. albopictus and A.
aegypti was estimated at 71.4 mya [10] . High population heterozygosity has been recognized in mosquitoes for over 35 years [15] , indicating the C6/36 cells could harbor a heterozygous genome.
Recent advances in DNA sequencing technology have enabled the generation of megabase-scale contigs. The Pacific BioSciences (PacBio, Menlo Park CA) and Oxford Nanopore (Oxford UK) single-molecule sequencing platforms can generate reads in excess of 10 Kbp. Due to its randomness, the high base call error in PacBio reads can be overcome by using sequencing depths in the 50X range [16] . New assembly algorithms targeting deepcoverage PacBio data have separated the haplotypes from heterozygous regions of diploid genomes [17] .
Here we describe findings for the Aedes albopictus C6/36 cell line including its karyotype, the assembly of its genome from PacBio sequence, an analysis of the haplotype separation in contigs, the gene annotation based on public mosquito RNA sequence, and analysis of gene expression based on cell line RNA. We also demonstrate use of the genome and transcriptome for the purpose of subtracting host sequence during an RNA sequencing assay for viruses. The sequence data were previously deposited in public databases to facilitate research on Zika and other viruses commonly transmitted by Aedes albopictus and studied in C6/36 cell lines.
DATA DESCRIPTION
The assembly of the genome sequence is available at NCBI [18] under accession GCA_001876365.2. The contig accessions start at MNAF02000000. The annotation describing the transcripts and genes is available at NCBI under Aedes albopictus Annotation Release 101.
The sequencing reads used to generate, validate, and analyze the assembly are available at NCBI SRA; see Table S1 and S2 for accessions. The assembly and annotation are also available at VectorBase [11] under the name canu_80X_arrow2.2.
ANALYSIS
C6/36 cells, obtained from ATCC (CRL-1660) and cultured at JCVI, were subjected to visual analysis of stained metaphase chromosomes to ascertain the karyotype. All cells examined displayed the three metacentric chromosomes expected of mosquito cells. A majority of cells also displayed additional chromosomes, as shown in Figure 1 , and the specific composition varied per cell. This analysis suggested variable and cell-specific partial duplications of chromosomes. Notably, a whole-genome duplication was not indicated. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 translocation of most of one arm of chr2 to one arm of chr3. 1c: Cell in mid-metaphase with chromosome pairs separated. Chr1, chr2, and chr3 appear normal. The chr1 homologous pairs overlap. There are several additional short metacentric and acrocentric chromosomes shown by arrows. The 5 µm scale bar applies to all three images.
Sequencing and assembly generate large contigs
Genomic long-read sequencing for assembly generated 161 Gbp in 17.9M total reads providing 147 Gbp in 12.4 M reads 5 Kbp or longer and 107 Gbp in 7.10 M reads 10 Kbp or longer. See Table S1 for accessions. Genomic short-read sequencing for analysis generated 45.8 Gbp in 152 M pairs of 2x150bp reads. Transcript sequencing yielded 16.6 Gbp in 27.7 M pairs of 2x300bp partially overlapping reads. See Table S2 for accessions.
Ten candidate assemblies were generated by combinations of four software packages:
either the Falcon or the Canu assembler [17, 19] , followed by zero to two iterations of either the Quiver or Arrow consensus polisher [20] . As shown in Table S3 , the ten resulting assemblies had similar size profiles. The sum of bases was 2.25 Gbp in all assemblies. The average longread coverage was 72X. Each assembly mapped 93% of the 20X paired short reads, which had not been used during assembly; see Table S4 . Local alignments aligned the assemblies' entire spans in large segments. For example, the contigs of Falcon and Canu after 2 rounds of Arrow each, had 2.24 Gbp in alignments of at least 99% sequence identity, and these aligned spans had 630 Kbp N50.
The assembly chosen for downstream analysis was the one from Canu plus two rounds of Arrow because its 93.2% short-read map rate was highest by a small margin. This assembly had a total span of 2.247 Gbp in 2,434 contigs and a contig N50 of 3.304 Mbp; see Table S5 . This assembly is available in GenBank with accession GCA_001876365.2. To our knowledge, the C6/36 contig N50 exceeds that of any other assembly of any mosquito or mosquito cell line 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 genome, though some other assemblies offer scaffolds and chromosome mappings in addition to contigs; see Table S6 .
Dissimilarity with other mosquito assemblies
The C6/36 assembly was compared to Aedes albopictus Foshan [10] Of pairs not mapped to C6/36, less than 1% mapped to Foshan. These results combine to indicate dissimilarity of the Foshan and C6/36 genomes. It is possible that the cell line is derived from an A. albopictus strain that was itself diverged from Foshan. Inter-strain genome size differences had been noted in this species prior to the sequencing era [21] .
Inter-species nucleotide alignment was unproductive. Permissive global alignments to Aedes aegypti [13, 14] covered only 15% (290 Mbp) of Foshan and 14% (304 Mbp) of C6/36. C6/36 repeats were detected, characterized, and mapped back to the assembly with the process used for Foshan [10] . As shown in Table S10 , results were similar to those reported for Foshan. Repeats cover 74% of C6/36 (and 76% of Foshan) and the three most abundant repeat 
Redundancy indicates haplotype separation
The Canu assembler can separate haplotype regions having over 2% divergence [19] .
Therefore, we evaluated the C6/36 assembly for haplotype separation. The first evaluation used the genomic short reads, which were not used by the assembler. K-mer analysis of the short reads, independent of the assembly, estimated 5.7% heterozygosity within the C6/36 genome and a genome size less than half the assembled contig span; see Figure S1a . Mapping the reads to contigs yielded an overall coverage mode of 18X; see Figure S1b . The coverage mode for most individual contigs was also about 18X; see Figure 2 and Table S11. The bimodal coverage is similar to that seen in the Quercus lobata (oak) genome assembly, Figure 2B in [22] , for which the assembler putatively separated the haplotypes at divergent loci. In C6/36, the 1832 contigs whose mode coverage was in the 18X  6X range collectively span 95.82% of the assembled bases. There is a smaller group of large contigs with mode coverage in the 36X  6X range.
These results support the hypothesis that most of the C6/36 diploid genome is represented twice in the assembly, possibly due to haplotype separation at heterozygous loci, such that collapsed sequences from less heterozygous loci attracted twice as much short-read coverage. representations of heterozygous loci, while the ~36X contigs could contain the consensus of both alleles from less heterozygous loci.
Second, the C6/36 assembly was tested for the presence of sequence-similar contigs.
After alignment of the nucleotide sequence to itself was inconclusive, short reads were mapped allowing up to 4 maps per pair, and the 15% of read pairs that mapped exactly twice were used to identify paired contigs (PCs), defined here as two contigs sharing at least 10,000 read pairs that mapped twice. This identified the 529 PCs described in Table S12 . There were 708 contigs in PCs (474 contigs in exactly one PC and maximum 8 PCs for one contig). There were 689 PC contigs with short-read coverage modes in the 18X  6X range (maximum coverage was 51X).
The PCs incorporated 1.97 Gbp or 88% of the 2.25 Gbp assembly. Sequence similarity within PCs was low; average 93.5% identity in aligned bases, with 28% of the sequence aligned (274 Mbp in alignments covering 548 Mbp on contigs). Where PC alignments left one contig extending past the other, it was possible to "walk" from PC to PC as illustrated in Figure S2 .
One walk, involving 9 PCs and 9 contigs, all with 18X  6X coverage, spanned about 18 Mbp total; see Figure S2d . These walks point to duplicated sequences, longer than individual contigs, that are present twice with low similarity, with each copy represented within a different group of adjoining contigs. Since PCs incorporate most of the assembly, the duplication most likely represents spans from homologous chromosomes that were assembled to into separate contigs.
As a third evaluation, the C6/36 contigs were subjected to BUSCO analysis [23] using genes thought to have single-copy orthologs across arthropods. Of 2624 genes found in contigs, 64% appeared as two instances. As shown in Table 1 , 99.6% of two-instance genes involved 18X  6X contigs. There was a significant association of genes having 2 instances in the 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 assembly and having all instances on 18X  6X contigs (Fisher's exact test, p<0.01 , Table S14 ).
Thus, the gene duplication mirrors the redundancy observed in PCs. Table 1 . BUSCO gene analysis. BUSCO genes are presumed single-copy in eukaryotic genomes but most occur twice in the C6/36 assembly. BUSCO arthropod genes were searched against C6/36 contigs. Two instances were found for 1668 genes. The genes were further evaluated for whether any of their instances occurred contigs with short-read coverage in the 18X  6X or 36X  6X range. These coverage values suggest haplotype separation and collapse, respectively, within the contig sequences. Of genes with exactly two instances in the assembly, 1662 (99.6%) had at least one instance on a 18X-range contig, while only 57 had at least one instance on a 36X-range contig. This supports the characterization of 18X-range contigs as containing sequences specific to a haplotype. Table S13 gives the coordinates and short-read coverage of every instance.
The situation appears nuanced for the 825 one-copy genes. Almost 14% of one-copy genes mapped to contigs with 36X  6X coverage, suggesting these genes are on diploid contigs
represented by a consensus of two alleles. Another 1% (7 genes) hit contigs with very high (over 40X) coverage, suggesting these genes may be replicated in the genome but underrepresented in the assembly. Most single-copy genes, 85%, mapped to contigs with 18X  6X coverage, similar to the portion that mapped to PC contigs. Genes mapping to only one contig of a PC, suggesting a "missing gene", were inspected further. The mapped loci did not show elevated short-read coverage, as would be expected if the gene were higher copy in the genome than the assembly.
The alignments did not involve contig ends, as would be expected if the cognate gene belonged 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 in an assembly gap, or unusual levels of discontinuity. Some "missing genes" actually did have fragmentary alignments, suggesting gene loss. As illustrated in Table S15 , PC#1, the PC with the most shared short reads, spans 17 BUSCO genes. Its two-copy genes are ordered consistently across 6 Mbp but these are interspersed by 4 genes found on only one or the other of the two contigs, plus one gene with additional copies elsewhere in the assembly. Thus, this PC presents syntenic sequences spanning structural variants and indicates that some single-copy BUSCO genes on 18X  6X contigs are attributable to allele-specific gene loss.
By the three methods of read mapping, contig alignment, and gene finding, we consistently found duplication within the assembly. The results are consistent with a model of a heterozygous genome for which spans from both haplotypes are represented in the assembly.
This model predicts the genome size is 52% of the assembly size, or 1.172 Gbp. Alternate models have less support. A whole-genome duplication (WGD) model predicts contig pairs. Not seen previously in mosquitoes, the WGD would have to be specific to the cell line or its ancestral strain. However, the WGD is not apparent in the C6/36 karyotypes and would not by itself predict the high intra-PC heterozygosity. Another model postulates genomic differences between the two lots of cells that were grown and sequenced separately but combined in the assembly.
This model predicts the short reads would map preferentially to one contig of each PC since the short reads were derived from one lot exclusively. However, this was not the case. This model also predicts that raw long reads, mapped to contigs for consensus polish, would segregate by lot, but this was not the case (not shown). We conclude that the assembly presents both alleles at most loci. The alleles may or may not be phased, that is, contigs may not consistently derive from the same haplotype along their full lengths. Results are public [24] . The RefSeq protein-coding gene set is 63% larger than the 17,539
protein-coding models described with the A. albopictus Foshan assembly [10] and likely includes allelic forms of many genes.
To assess conservation of genes and gene order between A. albopictus Foshan and the cell line, LiftOver [25] analysis was applied to these genomes in both directions. The Nix gene in A. aegypti was previously shown to be located at the male-determining locus and to be necessary and sufficient to determine maleness [26] . The A. albopictus gene KP765684 (protein AKI28880), predicted from a partial CDS generated by transcript assembly, was established as a homolog of Nix based on its sequence similarity, male-specificity and transcription profile [26] . In the C6/36 assembly, KP765684 showed 100% nucleotide identity to a fragment in contig MNAF02001502 (accession NW_017857498), a 970,929 bp contig that had 17X short-read coverage indicative of allelic separation. An additional exon was identified in the C6/36 contig and it is separated by a 107 bp intron from the previously known exon that encodes the C6/36 cells are derived from one or more male mosquitoes and that they retain a full-length ortholog of NIX. These results suggest the cell line could be used to study the molecular and biochemical pathways of sex determination, including the mechanism of NIX function.
C6/36 has been observed to have a functional dcr-1 pathway (see [30] ) and a functional apoptosis pathway [31] but a dysfunctional antiviral RNA-interference response [32] . Previous genotyping of Dicer-like amplicons indicated a homozygous 1 bp deletion causing a frameshift and a premature stop codon in the C6/36 dcr-2 gene [33] . Since the Dicer-mediated RNAi pathway has been implicated in host defense against virus in Aedes aegypti mosquitoes [34] , the 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 dcr-2 null mutation suggests a mechanism for virus permissiveness in C6/36. Previously reported dcr-2 transcript sequences align to both contigs of a PC but they have full-length alignments to one contig and a small, fragmentary alignment to the other; see Figure S3a- 
Transcriptomics indicates low levels of aquaporins and Kir channels
The C6/36 RefSeq transcripts were predicted using public mosquito RNA sequences without cell line RNA sequence. The RefSeq transcripts were tested for presence or absence of expression in C6/36 cells using a single run of RNA sequencing of cells at rest. Reads were mapped to transcript sequences and RPKM was computed per transcript isoform without consolidation by gene. There were 14,483 transcripts with detectable expression (RPKM ≥ 1); the mean RPKM value of these transcripts was 32 (range = 1 to 5,822). There were 1,310 highlyexpressed transcripts based on a threshold of RPKM ≥ 64, i.e. having 2-fold or higher RPKM than the mean.
The highly expressed transcripts (HETs) were manually examined for the presence of genes belonging to two broad functional groups previously examined in the analysis of the Aedes albopictus Foshan genome [10] : detoxification proteins and odorant-binding proteins/receptors.
Related to detoxification, 26 HETs were identified. Of these, 10 were cytochrome P450 oxidases (CYP450s), 2 were glutathione S-transferases (GSTs), 12 were ABC transporters, and 2 were carboxyl/cholinesterases (CCEs). Related to odorant binding proteins/receptors, 2 HETs were identified. These were orthologs of OBP9 in An. gambiae (AGAP000278) and OBP21 in Ae.
aegypti (AAEL005770). See Supplemental File "Detox_OBP".
HETs were subjected to a DAVID analysis (v6.7) [37, 38] 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 manually. The 'generic' functional clusters contains transcripts with no specific or consistent functional theme.
Demonstration of subtraction database for viral assays
Host subtraction is the bioinformatics process of filtering reads derived from host DNA and RNA, thereby enriching non-host reads [52] . Host subtraction assists the discovery and characterization of viral sequences present at low titer in voluminous short-read datasets [52] . To evaluate utility for host subtraction in viral assays, the C6/36 transcript and genome sequences were used to filter RNA sequence reads from 26 samples of Zika-infected and 6 samples of mock-infected C6/36 cells. Quantitative PCR confirmed Zika RNA was abundant in the Zikainfected samples vs. the mock-infected samples. A single multiplex sequencing library was prepared by the low-cost SISPA method [53] . Unpaired Illumina RNA sequencing reads were filtered by mapping to C6/36; see Table S17 . Transcript mapping removed 13.2%, and genome mapping further removed 76.1%, of total reads. The remaining 10.7% of reads were given a taxon assignment by blastn best hit to the NCBI non-redundant nucleotide database. Of total reads, 1.10% received a taxon assignment including 0.011% assigned to Zika, and zero to any other viral taxon, indicating that Zika was detected accurately by this assay. Critically, subtraction reduced cpu time to 15% of what would have been required to blast all reads.
Subtraction using instead the Ae. albopictus Foshan sequences was slightly less effective leaving 13.2% of reads instead of 10.7% to be characterized by blast.
DISCUSSION
The C6/36 genome assembly offers large contigs attributable to deep coverage by longread sequencing. Longer than the contigs of any previously assembled mosquito genome, the 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 large contigs offer not only complete gene sequences but also gene context including repetitive DNA. The contigs are not joined by scaffolds and they are not mapped to chromosomes, though physical mapping technologies including Hi-C, Dovetail, and BioNano technologies (reviewed in [54] ), would be able to make use of our contigs. The contigs are publically available with gene annotation provided by the NCBI Eukaryotic Genome Annotation Pipeline. We believe C6/36 becomes the second cell line, after HeLa [55] , to have its genome de novo assembled. The accuracy of the assembly is supported by several observations. Short-read data that had not been used during assembly aligned to the assembly at a high rate with high identity. Alternate assemblies of the long reads, including those generated using different software, were very similar as shown by local alignment and short-read mapping.
Most of the assembly contains duplicated sequence though our karyotype analysis did not indicate a whole-genome duplication. We demonstrated that the duplication captures haplotype variants of the diploid genome. The duplication complicates analysis by gene count but it makes the assembly a valuable reference for read mapping and for detection of allelism. Some recent genome projects intentionally separated homologous sequences during assembly [17, 56] but the separation within the C6/36 assembly was a byproduct of heterozygosity within the genome.
With additional resources, it might be possible to identify haplotype-phased blocks within contigs or to organize contigs into haplotype-phased scaffolds, e.g. [57] .
If the C6/36 assembly were complete and fully haplotype-separated, the total span would be twice the genome size. Compared to the Aedes albopictus Foshan mosquito assembly [10] , the C6/36 contig span is only 28% larger. Some degree of haplotype separation may be present in the Foshan assembly and the two assemblies may represent different strains or genomes of different size. Alignments with at least 95% identity covered small portions of both assemblies. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 In the C6/36 assembly, we discovered a two-exon sequence for Nix, the male-specific gene in Aedes albopictus. We confirmed maleness of the cell line through differential mapping of reads from male and female mosquitoes as well as by the identification of the M factor Nix. This finding could be helpful for testing sex-specific agents developed for mosquito sterility programs. We also discovered that the cell line's dcr-2 locus, source of the Dicer homolog in mosquitoes, contains a second null mutation allelic to the previously described truncated form. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 genome sequence should enable more extensive transcriptomics including of cells at various stages of viral infection.
POTENTIAL IMPLICATIONS
Our results should enable further use of the C6/36 cell line for virus detection, virus surveillance, vaccine and antiviral drug development, and promoting a basic understanding of the virus-host interplay for medically important mosquito-transmitted viruses. The genome sequence can be used as a bioinformatics filter to remove host sequence and thereby enrich nonhost reads among DNA or RNA sequence data from exposed cells. Using the assembly as a filter could avoid uncertainty that would be caused by the endogenous viral sequences whose presence we confirmed in the genome and the transcriptome. Filtering with a largely-complete genome sequence will ease detection of novel and low-titer viruses. The genome sequence may enable discovery of microRNAs expressed by the cells in response to specific conditions. The genome sequence and annotation will enable reference-guided expression studies that characterize and quantify viral progression and host response. Applications for the cell line could expand if transcriptome studies reveal active pathways that could be targeted by insecticides or inactive pathways that could be studied by ectopic expression of insect genes.
METHODS
Sequencing. Cells were obtained from two independent shipments of Aedes albopictus clone C6/36, ATCC CRL-1660 from ATCC (Manassas VA). Cells were maintained in Minimal
Essential Media supplemented with 10% fetal bovine serum and nonessential amino acids. Cells were maintained at 28°C and 5% CO2, and confluent monolayers were harvested by cell Genome assembly. All Falcon [17] assemblies were generated on the DNAnexus (San Francisco CA) platform using the DNAnexus Falcon 0.0.1 application which combined Falcon 0.4.2 with REPMask and TANMask from DAMASKER [64] . Raw reads of 10,731 bases or longer were subject to error correction. Corrected reads of 10,000 bases or more were subject to overlap and contig computation. The Falcon p_contig and a_contig sets were combined for analysis. All Canu [19] assemblies were generated with Canu [65] with the command 'canu errorRate=0.013 -p asm -d C636_canu genomeSize=2g'. Falcon and Canu contigs were subject to consensus polishing using all the raw PacBio reads and either one or two iterations of Quiver   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 or Arrow from PacBio SMRTlink. Falcon polishes used SMRTlink 3.1 on the DNAnexus platform. Canu polishes used SMRTlink 3.1.1 on an SGE grid; see [66] . The N50 statistic shows the length of the shortest contig such that contigs of equal or greater length span at least half of some total, usually the assembly size. The NG50 uses the putative genome size, G, and for our NG50 calculations, G was set to the total span of the contigs from Canu and 2 rounds of Arrow alignments. Outputs were analyzed in bam format with samtools and bedtools [74, 75] . Mode contig coverage is computed as the center value of a 3 wide window starting at 3 fold coverage (3X) having the most bases in that coverage window; for example, the minimum coverage window, 3-5X, is reported as 4X. Contig local alignments were generated with nucmer 3.1, part of the MUMmer package [76] compiled for 64-bit processors and filtered with delta-filter -1, minimum 1000 bp. Local alignment dot plots were visualized with mummerplot. Global alignments were generated with ATAC [77] which computes maximal chains from 1-to-1 K-mers. Aligned spans were accumulated over stringent and permissive chains, denoted 'M r' and 'M c', respectively, in the outputs.
Gene annotation and analysis. Single-copy genes were downloaded from BUSCO v1.22 arthropoda-odp9 [23] . Nix was mapped with blast [78] . The contig sequence was annotated by the NCBI Eukaryotic Genome Annotation Pipeline 7.2 [79] . Evidence included alignments of 5.6
G public Aedes albopictus RNA sequences (excluding C6/36 RNA sequence generated by this project) and 137 K public insect protein sequences. The annotation pipeline was adjusted to accommodate long introns containing TE-associated ORFs as in Aedes aegypti [13] , after such introns were detected in an initial run on C6/36. Mapping of gene annotations between assemblies was performed with LiftOver [25] which uses chained BLAT [80] alignments to transfer coordinates. Chromosomal quotient analysis to identify male-specific contigs [26, 28] used C6/36 contigs repeat masked [81] and split into 1 Kbp spans; reads were mapped by bowtie [82] with parameters -a -v 0. Pathway enrichment analysis was performed using DAVID (v6.7) [37, 38] 
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